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BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[1] The present invention relates to an apparatus and method for controlling a 
fan drive in various computer systems such as a notebook computer, a personal computer 
and etc 

2. Background of the Related Art 

[2] FIG. 1 is a block diagram illustrating the configuration of a conventional 
computer system. Various computer systems such as a notebook computer, a personal 
computer and etc. include a central processing unit (CPU) 10, a video controller 11, a north 
bridge 12, a random access memory (RAM) 13, a hard disk drive (HDD) 14, a south bridge 
15, a thermal sensor 16, a microcomputer 17, a cooling fan module 18, etc. 

[3] Further, the south bridge 15 is equipped with a power manager (PM) 150 for 
managing system power. The microcomputer 17 is equipped with a pulse width modulation 
(PWM) control signal generator 170 for variably controlling a rotation speed of a cooling 
fan. 

[4] The thermal sensor 16 detects an internal temperature of a computer varying 
with heat from, for example, the CPU 10, the HDD 14 or etc., and outputs a signal 
indicating the detected temperature to the PM 150 located within the south bridge 15. The 
PWM control signal generator 170 located within the microcomputer 17 generates a PWM 
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control signal adapted to the detected temperature and outputs the generated PWM control 
signal to the cooling fan module 18. 

[5] In response to the PWM control signal, the cooling fan module 18 performs 
an operation for incrementing or decrementing the rotation speed of a cooling fan through a 
plurality of stepped speeds. As shown in FIG. 2, the cooling fan module 18 includes a 
motor drive 180, a motor 181 and a cooling fan 182. 

[6] The motor drive 180 applies, to the motor 181, a drive voltage corresponding 
to the PWM control signal outputted from the PWM control signal generator 170 so that the 
cooling fan 182 can be rotated at a predetermined rotation speed in response to the drive 
voltage. The PWM control signal generator 170 generates a PWM control signal for rotating 
the cooling fan 182 at a high speed where the internal temperature detected by the thermal 
sensor 16 is relatively high. On the other hand, the PWM control signal generator 170 
generates a PWM control signal for rotating the cooling fan 182 at a low speed where the 
internal temperature detected by the thermal sensor 16 is relatively low. 

[7] The PWM control signal generator 170 can use, for example, hardware based 
upon 4-bit resolution as shown in FIG. 3. In this case, 16 PWM control signals (PWM 
PATTERNS 0-15) are present so that the rotation speed of the cooling fan 182 can vary 
by 16 STEPS (0- 15). 

[8] Further, where the minimum and maximum rotation speeds of the cooling fan 
182 are set to "0" RPM (Revolutions Per Minute) and "4500" RPM, respectively, a rotation 
speed difference of the cooling fan 182 between consecutive steps becomes "300" RPM. 
Assuming that the optimum rotation speed of the cooling fan 182 necessary for reducing the 
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internal temperature of the computer is "3500" RPM, the PWM control signal generator 170 
outputs a PWM control signal PWM PATTERN 12 corresponding to "3600" RPM, which is 
the PWM pattern closest to "3500" RPM. 

[9] As described above, the related art computer system and method have various 
disadvantages. For example, the cooling fan 182 was rotated at "3600" RPM according to 
the PWM control signal PWM PATTERN 12 because it was the closest to "3500" RPM of 
the PWM patterns shown in FIG. 3. In this case, the cooling fan 182 is unnecessarily 
rotated by an additional "100" RPM, and hence power is wasted. In the case of the notebook 
computer, a battery available time is reduced because of the unnecessary rotation. Further, as 
the cooling fan 182 is unnecessarily rotated, noise can be incurred. 

[10] To address the above problems, the PWM control signal generator 170 can 
use hardware based upon a higher predetermined bit resolution, for example, hardware 
based upon 8-bit resolution. However, the hardware based upon the 8-bit resolution is more 
expensive to install, control and manage than that based upon the 4-bit resolution. Where 
the hardware based upon the 8-bit resolution is used, there are problems in that a size of the 
hardware is increased and that it is difficult for the computer system to be simplified. 

[11] The above references are incorporated by reference herein where appropriate 
for appropriate teachings of additional or alternative details, features and/or technical 
background. 
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SUMMARY OF THE INVENTION 

[12] An object of the invention is to solve at least the above problems and/ or 
disadvantages and to provide at least the advantages described hereinafter. 

[13] Another object of the present invention is to provide an apparatus and 
method for controlling a device in a computer system that can output a plurality of control 
signals and combine the two or more of the control signals to control the device. 

[14] Another object of the present invention is to provide an apparatus and 
method for controlling a fan drive in a computer system that can output a plurality of pulse 
width modulation (PWM) control signals and combine the two or more of the PWM control 
signals to variably control a rotation speed of a cooling fan. 

[15] Another object of the present invention is to provide an apparatus and 
method for controlling a fan drive in a computer system that can output a plurality of pulse 
width modulation (PWM) control signals at a predetermined time ratio and variably control a 
rotation speed of a cooling fan. 

[16] Another object of the present invention is to provide an apparatus and 
method for controlling a fan drive in a computer system that can output a plurality of pulse 
width modulation (PWM) control signals and variably control a rotation speed of a cooling 
fan using a combination of the PWM control signals to reduce power consumption while 
decreasing an internal temperature of the computer system. 

[17] Another object of the present invention is to provide an apparatus and 
method for controlling a fan drive in a computer system that can output a plurality of pulse 
width modulation (PWM) control signals based on a N-bit resolution and variably control a 
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rotation speed of a cooling fan with a resolution greater than N-bits. 

[18] In order to achieve at least the above objects and advantages in a whole or in 
part, in accordance with one aspect of the present invention there is provided a computer 
system that includes a cooling fan configured to adjust an internal temperature of the 
computer system, a pulse width modulation (PWM) control signal generator configured to 
control a rotation speed of the cooling fan according to the internal temperature of the 
computer system, wherein the PWM control signal generator is configured to generates 
first resolution PWM control signals, and a controller configured to control the PWM 
control signal generator to output a combination of different first resolution PWM control 
signals. 

[19] To further achieve at least the above objects and advantages in a whole or in 
part, in accordance with one aspect of the present invention there is provided an apparatus 
for controlling a fan drive in a computer system including a cooling fan that includes pulse 
width modulation (PWM) control signal generation unit for adjusting a rotation speed of 
the cooling fan according to an internal temperature of the computer system, the PWM 
control signal generation unit generating PWM control signals corresponding to steps of 
first resolution, and control unit for controlling the PWM control signal generation unit, 
the control unit referring to information of steps of second resolution higher than the first 
resolution to control the PWM control signal generation unit to alternately output a 
plurality of different PWM control signals at a predetermined time ratio, the different 
PWM control signals corresponding to said steps of the first resolution. 

[20] To further achieve at least the above objects and advantages in a whole or in 
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part, in accordance with one aspect of the present invention there is provided a method for 
controlling a fan drive in a computer system that includes determining a rotation speed of a 
cooling fan correlated to control an internal temperature of the computer system, selecting 
at least two first resolution PWM control signals corresponding to the determined rotation 
speed from among the first resolution PWM control signals, and outputting a 
combination of said at least two first resolution PWM control signals to control said 
rotation speed. 

[21] To further achieve at least the above objects and advantages in a whole or in 
part, in accordance with one aspect of the present invention there is provided an article 
including a machine-readable storage medium containing instructions for operating a 
computer system, the instructions, when executed, causing the computer system to identify 
second resolution driving patterns higher than first resolution driving patterns to select one 
second resolution driving pattern for a device, select two first resolution driving patterns 
with a prescribed relationship to the selected second resolution driving pattern from 
among the first resolution driving patterns, and output control signals for the device 
corresponding to the selected two first resolution driving patterns at a predetermined time 
ratio according to the selected second resolution driving pattern. 

[22] Additional advantages, objects, and features of the invention will be set forth 
in part in the description which follows and in part will become apparent to those having 
ordinary skill in the art upon examination of the following or may be learned from practice 
of the invention. The objects and advantages of the invention may be realized and attained 
as particularly pointed out in the appended claims. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[23] The invention will be described in detail with reference to the following 
drawings in which like reference numerals refer to like elements wherein: 

[24] FIG. 1 is a block diagram illustrating the configuration of a related art 
computer system; 

[25] FIG. 2 is a block diagram illustrating the partial configuration of an apparatus 
for controlling a fan drive in the related art computer system; 

[26] FIG. 3 is a table illustrating exemplary pulse width modulation (PWM) 
patterns outputted from a related art PWM control signal generator based upon 4-bit 
resolution and fan drive speeds; 

[27] FIG. 4 is a block diagram illustrating a partial configuration of a preferred 
embodiment of an apparatus for controlling a fan drive in a computer system in accordance 
with the present invention; 

[28] FIG. 5 is a table illustrating exemplary information associated with 256 steps 
based upon 8-bit resolution and fan rotation speeds corresponding to the 256 steps in 
accordance with the present invention; 

[29] FIG. 6 is a flow chart illustrating a preferred embodiment of a method for 
controlling a fan drive in the computer system in accordance with the present invention; 

[30] FIG. 7 is a timing diagram illustrating an exemplary PWM control signal 
variably outputted by in the computer system in accordance with an embodiment of the 
present invention; 
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[31] FIGS. 8 and 9 are graphs illustrating the relationship between a rotation speed 
of a fan drive motor and power; and 

[32] FIG. 10 is a graph illustrating PWM control signals (PWM patterns) alternately 
outputted by the fan drive control method in the computer system and the motor's actual 
rotation speeds in accordance with preferred embodiments of the present invention. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

[33] Embodiments of apparatus and methods for controlling the fan drive can be 
applied to various computer systems such as a notebook computer, a personal computer, 
etc. The embodiments of apparatus and methods for controlling fan speed in accordance 
with the present invention can be applied to portable computers configured by the 
components of FIG. 1 and will be described using the components shown in the computer 
system of FIG. 1. For example, a microcomputer 17 embedded in a computer system can 
be constituted by hardware (H/W) of a pulse width modulation (PWM) control signal 
generator 170 and software (S/W) of a PWM controller 171 as shown in FIG. 4. However, 
the present invention is not intended to be so limited. 

[34] As shown in FIG. 4, the hardware of the PWM control signal generator 170 
can generate PWM control signals (e.g., PWM PATTERNS 0 - 15 at 16 STEPS 0 ~ 15) of 
N-bit resolution, for example, the 4-bit resolution described with reference to FIG. 3. The 
software of the PWM controller 171 preferably manages 256 steps of 8-bit resolution and a 
cooling fan's rotation speed information corresponding to the 256 steps for example, that 
is stored as exemplary information (e.g., virtual information) in a table shown in FIG. 5. 
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[35] In the virtual information, the low or minimum rotation speed of the cooling 
fan associated with STEP 0 can be set to "0" RPM (Revolutions Per Minute). The rotation 
speed of the cooling fan associated with STEP 240 of the 8-bit resolution corresponding to 
STEP 15 of the 4-bit resolution can be set to "4500" RPM. In this case, the cooling fan's 
rotation speed difference between the steps of the 8-bit resolution can be precisely set to 
"18.75" RPM, and the high or maximum rotation speed corresponding to STEP 255 can 
be set to "4781.25" RPM. However, the present invention is not intended to be so limited. 
For example, the minimum step need not be set to zero RPM, and further, a non-linear 
relation can define the intervals between steps. 

[36] FIG. 6 is a flow chart illustrating an embodiment of a method for controlling 
a fan drive in the computer system in accordance with the present invention. As shown in 
FIG. 6, the method can be applied to and will be described using the apparatus shown in 
FIG. 4. However, the present invention is not intended to be so limited. 

[37] As shown in FIG. 6, after a process start, the PWM controller 171 can decide 
the cooling fan's desired or optimum rotation speed (e.g., RPM) or determined rotation 
speed necessary to reduce an internal temperature of the computer according to the internal 
temperature of the computer detected by a thermal sensor (block S10). For example, 
assuming that the optimum rotation speed is "3500" RPM, "A = 3506.25 RPM" is retrieved 
from the virtual information as an RPM value closest (e.g., and preferably higher) to 3500 
RPM among RPM values of the steps of the 8-bit resolution of FIG. 5 (block Sll). 

[38] After the PWM controller 171 confirms STEP 187 linked to "A = 3506.25 
RPM", the PWM controller 171 can retrieve two RPM values of "B = 3300 RPM" and "C = 
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3600 RPM" closest to "A = 3506.25 RPM" from among RPM values corresponding to the 
steps of the 4-bit resolution (e.g., N-bit resolution) actually applicable in the PWM control 
signal controller 170 (block S12). 

[39] The steps (e.g., two PWM patterns) corresponding to "B = 3300 RPM" and 
"C = 3600 RPM" are determined to be STEP 11 and STEP 12 of the 4-bit resolution, 
respectively, or are determined to be STEP 176 and STEP 192 of the 8-bit resolution, 
respectively. A step difference between STEP 187 and STEP 176 and a step difference 
between STEP 187 and STEP 192 are preferably calculated on the basis of the 8-bit 
resolution. 

[40] According to the calculations of the step differences, the step difference 
between STEP 187 and STEP 176 is "11" and the step difference between STEP 187 and 
STEP 192 is "5". On the basis of the calculated step differences, there can be calculated 
times required for alternately outputting PWM control signals PWM PATTERN 11 of STEP 

1 1 and PWM PATTERN 12 of STEP 12 of the 4-bit resolution corresponding to STEP 176 
and STEP 192 of the 8-bit resolution. The times required for alternately outputting the 
PWM control signals PWM PATTERN 11 and PWM PATTERN 12 are preferably inversely 
proportional to the step differences between STEP 187 and STEP 176 and between STEP 
187 and STEP 192 associated with the 8-bit resolution. A ratio of the times required for 
alternately outputting the PWM control signals PWM PATTERN 11 and PWM PATTERN 

12 is calculated as "5:11". When an interval (e.g., "1 msec") much shorter than a period 
corresponding to a response speed of the cooling fan is set as a basic unit of the time 
required for outputting each pattern, the time required for outputting both selected PWM 
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patterns can be determined. For example, the time required for outputting the PWM control 
signal PWM PATTERN 11, e.g., T_B, is 5 x 1 msec = 5 msec, and time required for 
outputting the PWM control signal PWM PATTERN 12, e.g., T_C, is 11 x 1 msec = 11 
msec (block SI 3). 

[41] However, the present invention is not intended to be so limited. For example, 
alternative calculations can be used to determine absolute and/ or relative times for two or 
more PWM patterns or non-adjacent PWM patterns of the lower resolution (e.g., 4-bit) from 
a selected RPM. 

[42] The PWM controller 171 can control the PWM control signal generator 170, 
for example, as shown in FIG. 7, so that the PWM control signal PWM PATTERN 11 
corresponding to "B = 3300 RPM" can be outputted for 5 msec being T_B (blocks SI 4 and 
S15), and the PWM control signal PWM PATTERN 12 corresponding to "C = 3600 RPM" 
can be outputted for 11 msec being T_C (blocks S16 and S17). Thus, one period can be 
"T_B + T_C = 16 msec", and the PWM control signals PWM PATTERN 11 and PWM 
PATTERN 12 are preferably alternately outputted during the one period (blocks SI 4 to 
S17). 

[43] Thus, in the above-described example, the PWM control signal corresponding 
to "3300" RPM is inputted into the cooling fan module 18 for 5 msec, and the PWM control 
signal corresponding to "3600" RPM is inputted into the cooling fan module 18 for 11 msec. 
The effect of the PWM control signals corresponding to "3300" RPM and "3600" RPM 
inputted for 16 msec can be substantially equal to that of the PWM control signal 
corresponding to "3506.25" RPM inputted for 16 msec. Therefore, although the PWM 
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control signal generator of the lower resolution (e.g., 4-bit resolution) is used as it is, the 
effect or operations of the PWM control signal generator of the higher resolution (e.g., 8-bit 
resolution) can be obtained. 

[44] Where the rotation speed of the cooling fan must be changed to another RPM 
value rather than "3500 RPM" as the internal temperature of the computer increases or 
decreases, the PWM controller 171 can newly or repeatedly perform the above-described 
blocks S10 to S17. Where the rotation speed of the cooling fan does not need to be changed, 
only the above-described blocks S14 to SI 7 can be repeatedly performed (block SI 9). The 
above-described operations can be continuously performed until the system is in an OFF 
state (block SI 8). 

[45] Since the response speed of a fan motor is relatively slow as exemplarily 
shown in FIG. 8, the fan motor is not instantly stopped when power to be applied to the fan 
motor is in an OFF state. Instead, a speed of the fan motor is slowly decreased by the force 
of inertia. Further, although the PWM control signals of different patterns can be alternately 
inputted as shown in FIG. 10, because the fan motor cannot instantly respond to an input 
varying in a period of 16 msec, the drive speed of the fan motor is almost constant and can 
be stably adjusted. 

[46] As shown in FIG. 9, consumption power of the fan motor is increased as the 
drive speed of the fan motor is increased. Thus, unnecessary power consumption can be 
reduced or prevented if the fan drive speed can be appropriately and precisely controlled. 

[47] As described above, embodiments according to the present invention were 
described in relation to a cooling fan of a computer system. However, the present invention 
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is not intended to be so limited. For example, embodiments according to the present 
invention can be applied to other devices of the computer system including, but not limited 
to, a display lamp of a display or driving mechanism (e.g., inverter) for the same. 

[48] Various software or firmware layers based upon a module or routine format 
containing application programs, operating system modules, device drivers, BIOS modules 
and interrupt handlers can be stored in at least one storage medium provided in the 
computer system. The applicable storage media can include hard disc drives, compact discs 
(CDs) or digital versatile discs (DVDs), floppy discs, nonvolatile memories, system 
memories and the like. The modules, routines or other layers stored in the storage medium 
contain instructions for allowing the convertible computer system to execute programmed 
acts when executed. 

[49] The software or firmware layers can be loaded on the system by one of 
various methods. For example, code segments are stored in floppy discs, CD or DVD discs 
or hard discs, or code segments transported through a network interface card, modem or 
other interface devices can be loaded on the system and can be executed by a corresponding 
software or firmware layer. In the loading or transporting process, the code segments and 
data signals carried by a carrier (through a telephone line, a network line, a radio link, a cable, 
etc.) can be sent to the system. 

[50] As described above, embodiments of apparatus and methods configured to 
control a device of a computer system have various advantages. Embodiments according to 
the present invention can provide an apparatus and method for controlling a fan drive in a 
computer system that can precisely and variably control a rotation speed of a cooling fan 



13 



using given resolution of hardware substantially equally with the effect of an operation for 
controlling the fan drive using hardware based upon resolution higher than the given 
resolution. Further, embodiments according to the present invention can efficiently 
simplify a physical configuration, and can prevent unnecessary power consumption. 

[51] The foregoing embodiments and advantages are merely exemplary and are not 
to be construed as limiting the present invention. The present teaching can be readily 
applied to other types of apparatuses. The description of the present invention is intended 
to be illustrative, and not to limit the scope of the claims. Many alternatives, modifications, 
and variations will be apparent to those skilled in the art. In the claims, means-plus-function 
clauses are intended to cover the structures described herein as performing the recited 
function and not only structural equivalents but also equivalent structures. 
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